A carbapenem-resistant Escherichia coli (sequence type 5415) strain 21 was isolated from a male patient. S1-PFGE and Southern blotting showed that the 22
bla NDM-5 gene was located on a novel 66-kb IncFII [F2:A-:B-] plasmid. Conjugation 23 assays revealed that the bla NDM-5 -bearing plasmid was self-transferrable. Genomic 24 sequencing and comparative analysis suggested that plasmid p2947-NDM5 likely 25 originated from a combination of an IncFII-type backbone and the bla NDM-5 flanking 26 genetic elements. This study highlights the genetic complexity of an NDM-5 27 carbapenemase and the urgent need for continuous active monitoring. 28 IMPORTANCE Carbapenem resistance due to the NDM enzyme has become a 29 serious clinical problem in medical care and public health. We here identified a 30 bla NDM-5 -positive E. coli strain ST5414. The bla NDM-5 gene was located on a novel 31 self-transferrable IncFII type plasmid p2947-NDM5. Genomic sequencing and 32 comparative analysis suggested that plasmid p2947-NDM5 likely originated from a 33 combination of an IncFII-type backbone and the blaNDM-5 flanking genetic elements. 34
The genetic context of NDM-5 is highly similar to that of animal origins, and we 35 speculate that the blaNDM-harboring IncFII plasmid has a potential risk of being 36 transmitted from animals to humans and should be paid more attention. Our findings 37 highlight the threat of NDM-5 carbapenemase circulation and the urgency of stringent 38 surveillance and control measures. 39 KEYWORDS: Escherichia coli, ST5415, NDM-5, IncFII, carbapenem resistant Carbapenemase-producing Enterobacteriaceae (CPE) constitute a public health 41 problem in terms of both hospital-and community-acquired infections(1). Since the 42 identification of NDM-1 in a Swedish traveler returning from India(2), NDM 43 enzymes have received special attention due to their rapid global spread and frequent 44 association with other resistance genes. NDM-5 was first identified in an Escherichia 45 coli strain isolated from a patient who had been hospitalized in India(3). Since then, 46 NDM-5 has been detected in different countries around the world. The amino acid 47 sequence of NDM-5 differs from that of NDM-1 at positions 88 (Val→Leu) and 154 48 (Met→Leu), which confer a high level of hydrolytic activity against carbapenems(3). 49
The rapid evolution and dissemination of NDM-5 represent a crucial challenge for 50 clinical treatments. 51
Extraintestinal E. coli is a relatively common pathogen causing community and 52 health care-related infections among Enterobacteriaceae in China. The acquisition of 53 NDM is a great concern since it would greatly limit the treatments for E. coli that 54 frequently carry multiple resistance determinants. Identifying clones or plasmids with 55 bla NDM genes is important for understanding the epidemiology of resistance and 56 controlling the spread of NDM in communities and healthcare systems(4). 57
In this study, we report the emergence of the NDM-5-producing E. coli strain 58 ST5414 in China and characterized a novel plasmid carrying the bla NDM-5 gene using 59 Illumina and Nanopore sequencing platforms. 60
RESULTS

61
Bacterial identification and Susceptibility Testing. Strain ECO2947 was 62 identified as E. coli using the Vitek 2 compact system and confirmed by 16S rRNA 63 sequencing. The MIC values of the tested antimicrobials revealed that E. coli 64 ECO2947 exhibited resistance to nearly all tested β-lactam antibiotics, including 65 ampicillin, sulbactam/ampicillin, piperacillin/tazobactam, ceftriaxone, ceftazidime, 66 cefepime, cefamedin and imipenem, with the exception of aztreonam (Table 1) . PCR 67 amplification and sequencing confirmed the presence of bla Microbiological and Genomic Features of E. coli ECO2947. S1 PFGE showed 69 that E. coli ECO2947 contained two different plasmids (~66 kb and ~108 kb) ( Figure  70 1). Southern blotting revealed that the bla NDM-5 gene was located on the ~66 kb 71 plasmid (named p2947-NDM5), which was transferred to E. coli J53 at a frequency of 72 1.63×10 -2 transconjugants per donor cell. 73
The transconjugants acquired resistance to ampicillin, ceftriaxone, 74 sulbactam/ampicillin, piperacillin/tazobactam, ceftazidime, cefamedin, and imipenem 75 (Table 1) , and the MIC values of carbapenems against the transconjugants were 76 considerably increased compared with that against the recipient strain E. coli J53. 77 E. coli ECO2947 was further subjected to whole genome sequencing using both 78
MiSeq and MinION sequencing. Genomic analysis revealed that strain E. coli 79 ECO2947 belonged to a novel sequence type ST5414 and had a 4,884,967 bp 80 chromosome and two plasmids. Twelve virulence factors were found in the genome: 81 single copies of eae (intimin), espA (type III secretion system), espB (secreted protein 82 B), espF (type III secretion system), iss (increased serum survival), lpfA (long polar 83 fimbriae), nleA (non-LEE encoded effector A), nleB (non-LEE encoded effector B), 84 nleC (non-LEE encoded effector C), tir (translocated intimin receptor protein) and 85 two copies of gad (glutamate decarboxylase). A screening for acquired resistance 86 determinants found that the chromosome only possessed the resistance gene mdf(A), 87 while the plasmid p2947-NDM5 carried only bla NDM-5 , and the other plasmid (named 88 p2947-D) carried multiple resistance genes, including sul2, qnrS1, aph(3")-Ib and 89
aph (6) referred to as p75). The four plasmids have almost identical backbones and contain a 100 set of core genes responsible for plasmid replication (repA), conjugation/T4SS (tra and trb genes), stability (stdB) and segregation (parM) (Figure 2A ). However, 102 p2947-NDM5 had quite different MDR regions from these similar plasmids. Plasmid 103 p2947-NDM5 had an MDR region organized as 104 IS5-bla NDM-5 -ble MBL -trpF-tat-ΔctuA1-IS26, while p974-NDM had the bla NDM-1 gene 105 instead and an additional region composed of IS26, ISKox3, resolvase, Tn2 106 transposon, IS3000 and ΔISAba125. Plasmids p75 and p4743 had quite different 107 resistance genes and genetic contexts. Both p75 and p4743 had two copies of IS26 at 108 each end; the former was composed of IS26-IS903-BtuB-tnpR Tn3-IS26, while the 109 latter was composed of IS26-intl1-IS26-Δbla TEM -WbuC-bla CTX-M-15 -IS26 ( Figure 2B) . 110
Comparative analysis revealed that the genetic context of bla NDM-5 (∼5,100 bp) in 111 p2947-NDM5 was nearly identical to those previously reported in pGZ3-NDM5 (100% 112 coverage and 100% identity), pNDM-HK3774 (100% coverage and 100% identity), 113 pHNAH699 (100% coverage and 100% identity) and pP855-NDM5 (100% coverage 114 and 99.98% identity) ( Figure 3C ). 115
DISCUSSION
116
Due to the intrinsic and acquired resistance of E. coli, this bacterium constitutes a 117 serious clinical threat that limits the choice of treatment. Most reports have indicated a 118 high ST diversity for bla NDM-5 -positive E. coli (5-7) . The MLST analysis revealed that 119 E. coli ECO2947 belongs to ST5414, which is unlike the ST types of 120 NDM-5-producing E. coli ST167 (China)(6), ST540 (Japan)(8), ST648 (Australia), 121 ST648 (UK)(3) and ST648 (India). This appears to be the first report of an ST5414 E. coli strain expressing an NDM-5 β-lactamase. This is a worrying development, as it 123 demonstrates the further spread of bla NDM-5 among different ST types of E. coli, and 124 the transfer frequency of p2947-NDM5 demonstrated its great potential to transfer 125 across species. 126
Horizontal gene transfer also promotes the widespread dissemination of bla NDM in 127
Enterobacterales (9). Animals have been considered a potential reservoir of MDR 128 gram-negative organisms due to the extensive use of antibiotics in animals as growth 129 promoters and for treatment purposes(10). Investigations in recent years confirmed 130 the endemic presence of ESBL-producing E. coli isolates in major food-producing 131 animals (chickens, pigs and cattle) with increasing prevalence(11, 12), and integron 132 plasmid vehicles in animal isolates were identical or highly similar to those carried by 133 clinical E. coli strains isolated from asymptomatic humans(13). NDM gene transfer 134 carried by food animals will lead to the spread of the gene along the food chain, 135 ultimately causing harm to human health and public health (14, 15) . Klebsiella 136 pneumoniae strain 4743 was isolated from humans in Italy, the Salmonella enterica 137 subsp. enterica serovar Derby strain was isolated from swine in the United States, and 138 the E. coli strain 974 was isolated from a pig in Hong Kong. In this study, two of the 139 three plasmids highly similar to p2947-NDM5 were from animals. Additionally, the 140 genetic context of bla NDM-5 of p2947-NDM5 has also been found on different types of 141 plasmids and in different species. Although the occupation of the patient is unknown, 142 it is still possible that the patient was in contact with animals, and a conjugation assay revealed that p2947-NDM5 was self-transferrable. From this, we speculated that 144 p2947-NDM5 was the genetic context of bla NDM-5 , which had been inserted into the 145 IncFII [F2:A-:B-] plasmid backbone during transmission, and the bla NDM -harboring 146 IncFII plasmid has a potential risk of being transmitted from animals to humans 147 through the food chain. Therefore, the association of IncFII plasmids and bla NDM 148 variants and the epidemiology of IncFII plasmids in Enterobacteriaceae warrant more 149 studies. 150
CONCLUSION 151
In summary, we identified a bla NDM-5 -positive E. coli strain, ST5414, for the first 152 time. The bla NDM-5 gene was located on a novel self-transferrable IncFII-type plasmid. 153
Our study highlights the potential spread of carbapenem-resistant plasmids among 154
Enterobacteriaceae. Further research is necessary to take urgent and effective 155 surveillance measures and to control the spread of the bla NDM-5 -carrying IncFII 156 plasmids. 157 (17). 164 S1-PFGE, Southern blotting and Conjugation. Bacterial genomic DNA from 165 strain ECO2947 was prepared in agarose plugs and digested with the S1 endonuclease 166 (Takara, Dalian, China). DNA fragments were separated by pulsed-field gel 167 electrophoresis (PFGE) through a CHEF-DR III system (Bio-Rad, Hercules, USA). 168
MATERIALS AND METHODS
The plasmid DNA was transferred to a positively charged nylon membrane (Solabio, 169 China) and hybridized with the digoxigenin-labeled specific probe to bla Conjugation experiments were performed by broth and filter mating using strain 171 ECO2947 as the donor and azide-resistant E. coli J53 as the recipient. Strains 172 ECO2947 and J53 were mixed (ratio of 1:3) in Luria-Bertani (LB) broth, which was 173 used to make LB agar plates, and incubated for 18 h at 37 °C. The mixture was spread 174 on a selective MacConkey agar plate containing meropenem (4 μg/ml) and sodium 175 azide (150 μg/ml) to select transconjugants. Horizontal transferability of drug 176 resistance was evaluated by antimicrobial susceptibility testing, and the corresponding 177 transconjugants were confirmed by S1-PFGE. 178 1 . S1-PFGE pattern for strain ECO2947 and Southern blotting for the 297 bla NDM-5 gene. Lanes: Marker, Salmonella serotype Braenderup strain H9812 as the 298 size standard; 1, PFGE result for S1-digested plasmid DNA of strain ECO2947; 2, 299 Southern blotting with the probe specific to bla NDM-5 ; 3, PFGE patterns for 300 S1-digested plasmid DNA of E. coli transconjugants J53. 301 
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